The usefulness of determining protein-bound sialic acid in serum is obvious,because a significant increase in various serum sialoglycoprotein concentrations (haptoglobin, orosomucoid, a1-antitrypsin, and ceruloplasmin) has been observed in many pathological states (1, 2) . We earlier described (3) a fully automated method in which thiobarbitunc acid is used as a reagent.This very sensitive method, specific forfree sialic acid, has an inconvenience: it requires first a mild acid-hydrolysis step, which is time consuming and complicates the manifold.
In thispaper,we present a simplerautomated method for the quantitative estimation of bound N-acetylneurazninic acid, which is as sensitive as the thiobarbituric acidassay but which is applicable directly to the serum without a previous hydrolysis step. The method is based on a modification of the Svennerholm resorcinol method (4). Spiro (5) has shown that a mild periodate oxidation of free and bound sialic acid increases the chromogenicity of the sialic acid in the Svennerholm assay. Taking advantage of these observations, Jourdian et al. (6) reported recently a differential method for determining total and bound sialic acid.
With suitable modifications, we were able to automate the periodate resorcinol technique, avoiding the step in which the chromogen is extracted with an organic solvent.
The techniquedescribedhere was successfully used routinely to determine glycosidically-bound sialic acid, but also can be applied to free sialic acid.
Materials and Methods

Apparatus
Proportioning pump, heating bath, and manifold tubings were purchased from Technicon Instruments Corp., Tarry- To 100 ml of a resorcinol solution (20 g/liter) add 800 ml of concentrated HC1 and 2. (Figure 3 ). Mean carryover was 3.5%.
Accuracy: Accuracy of the method was tested by adding pure Nacetylneuraminic acid in three different concentrations (0.30, 0.60,and 0.90 g/liter) to a normal serum. The percentage analytically accounted for was never less than 95% ofthat added.
Interfering substances:
Several possible interfering substances were studied: hemoglobin, bilirubin, lipids, and the sugars galactose, mannose, and fucose, which are the principal glucidic components found in serum glycoproteins. To a poolofserum,hemoglobin and bilirubin were added to finalconcentrations ranging from 225 to 580 mg/liter and from 75 to 150 mg/liter, respectively. Heparin was added in a concentration of 100 to 600 mg per literof serum. Galactose, fucose, and mannose were tested at a concentrationof 3 mmol/liter.
None of these interfered
with determinationof N-acetylneurammnic acid in serum. To evaluatethe influenceof lipids, we precipitated the serum lipoproteins with a heparmn solution (10 g/liter) according to Burstein and Samaille (7). For normal sera, we saw no decrease in color formation after such separation of the lipoproteins. However, in one pathological serum (total lipids, 11 g/liter), removal of lipids decreased the absorbance by 2.6%. To test the direct influence of lipids and fatty acids on the resorcinol test, cholesterol, cholesterol oleate, cholesterol palmitate, and oleic acid methylester were added in different amounts to a normal serum. We found that all these substances interfered nonspecifically with the assay by causing a turbid solution.
As an example, for a concentration of 3 g of cholesterol oleateper liter, which representsthe average value for unsaturated lipids and cholesterol in normal serum (9), theincrease in absorbance was consistently between 1 and 2%.
Comparison with the Manual Method
To correlate results by the present method with those by known techniques, we used as a reference assay the manual procedureof Aminoff (8). The serawere hydrolyzedin 50 mmol/liter H2S04 at 80#{176}C for1 h.
Thirty-four
sera from normal individuals were assayed by both methods.
Values obtained with the manual method ranged from 510 to 785 mg/liter (mean SD = 658 ± 63). With the automated method, the same sera gave values ranging from 560 to 835 mg/liter (mean ± SD = 682 ± 62).
Forty-one sera from hospital patients with various diseaseswere assayedby both methods.
The equation for the regression curve was: y = 1.01 x + 0.0385.The correlation coefficient, r, was 0. However this effect is negligible in normal sera and becomes only noticeable in case of hyperlipemic sera.
We conclude that this method is directly applicable to sera without any previous treatment, which is a considerable advantage.
Determination
of Sialic Acid in Concentrations of 10 to 100 mg/liter
To increasethe sensitivity of the method, we modified the manifold as follows. For the sample tubing was substituted a tubinghaving a flowrateof0.42ml, the restof the manifold beingunchanged. In thiscase,only 0.25ml is required for an analysis. The relationship between concentration and absorbance was linear over the range 1.5 to 9 mg/ liter.
